Background {#Sec1}
==========

Breast cancer (BC) is a molecularly heterogeneous disease that includes at least four intrinsic subtypes with different features and prognoses \[[@CR1]--[@CR5]\]. Among estrogen receptor-positive and human epidermal growth factor receptor 2-negative (ER^+^/HER2^−^) BCs, gene expression-based assays showed that they can be divided into at least two distinct subgroups---luminal A and luminal B \[[@CR4]\]. Although the luminal B subset has higher proliferation marker expression and worse prognosis \[[@CR6]\], clinicopathological subtyping criteria of the two luminal groups keep changing in the literature.

The 2011 St Gallen consensus panel \[[@CR7]\] recommended a cut-off of 14% for the Ki67-labeling index (LI) as the threshold between luminal A and B subtypes. The 2013 St Gallen consensus panel added another immunohistochemical (IHC) surrogate marker---progesterone receptor (PgR)---and increased the Ki67-LI cut-off to 20% \[[@CR8]\]. However, at the latest 2015 St Gallen International Breast Cancer Conference, the panel recommended Ki67-LI should be interpreted upon local laboratory values, and ER^+^/HER2^−^ BCs could not be classified as two distinctive groups by IHC surrogate markers, as they belong to a spectrum of disease \[[@CR9]\].

This study evaluated Ki67-LI distribution in a Chinese BC treatment center and analyzed its prognostic significance in the 2015 St Gallen consensus of ER^+^/HER2^−^ BCs.

Methods {#Sec2}
=======

Patients and clinical data collection {#Sec3}
-------------------------------------

We searched breast tumor registries of the 2063 patients who had been treated for BC at the Sun Yat-Sen Memorial Hospital from March 2005 to December 2012, and for whom Ki67-LI information was available. Our hospital is equipped with one of the most comprehensive breast centers in China, and we are highly recognized by patients from all over the country. We excluded patients with non-invasive BC, ER-negative or HER2-positive disease, more than three involved lymph nodes, T4 lesions, male patients, and those with distant metastasis at first diagnosis. Finally, we included 939 patients with early invasive ER^+^/HER2^−^ BCs.

Of these 939 participants, 372 (39.6%) received modified radical mastectomies and 567 (60.4%) underwent breast-conserving surgery (BCS, all with negative margins). All patients received sentinel lymph node biopsy (SLNB), of whom SLNB positive went on to axillary lymph node dissection(ALND). After surgery, 776 (82.6%) patients received adjuvant chemotherapy. The regimens mainly consisted of three types: standard cyclophosphamide, methotrexate, and 5-fluorouracil, anthracycline-based, or combined anthracycline and taxane (termed taxane-based regimen). They each received four to eight chemotherapy cycles. The main indications for radiotherapy included positive lymph nodes; primary tumor \>5 cm; or BCS. In our study, chemotherapy indications were based on the National Comprehensive Cancer Network (NCCN) guidelines.

Patients were followed according to clinical protocols. The evaluated endpoint was DFS, which was defined as the interval from first diagnosis until diagnosis of local or regional BC recurrence, contralateral BC, distant metastasis, or death from BC. Patients known to be alive without recurrent disease or lost to follow-up at the time of analysis were screened at the time of their last follow-up. For those who attended no further clinical visits at our institute, essential follow-up information was collected by telephone. The cut-off date for the results presented here was February 22, 2016. This study was approved by the Ethics Committee of Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University.

Laboratory methods and group definition {#Sec4}
---------------------------------------

IHC staining for ER, PgR, HER2 protein, and Ki67 antigen was performed on core biopsies or surgical specimens. All specimens were fixed with 10% neutral phosphate-buffered formalin and embedded in paraffin. Samples were considered ER^+^ if more than 10% nuclei were stained, which is the usual cut-off in larger Chinese hospitals \[[@CR10]\]. Tumors were considered HER2^+^ if they received a score of three by IHC or if they were two by IHC but had amplified HER2 genes (ratio 2.0) based on fluorescence in situ hybridization (FISH). The MIB-1 clone antibody (1:100, DAKO) was used for Ki67 IHC staining; the Ki67-LI was the percentage of positively stained cancer cells (regardless of staining intensity).

Based on the 2015 St Gallen consensus standard, and the median Ki67-LI value(20%) of patients in this study, the 939 women were classified into three groups by cut-off points 10 and 30% \[[@CR9]\]. Patients whose Ki67-LI was 30% or above were considered clearly high (Ki67^High^); those whose Ki67-LI was 10% or less were clearly low (Ki67^Low^), and those whose Ki67-LI was 10--30% were considered intermediate (Ki67^Medium^).

Statistical analysis {#Sec5}
--------------------

Statistical comparisons of clinicopathological characteristics within the three groups were calculated by chi-square and rank-sum tests. Kaplan-Meier survival curves were calculated; log-rank test was adopted to compare DFS within groups. Multivariate DFS analysis used the Cox proportional hazards model. SPSS 19.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. All *P* values were two-tailed; *P* ≤ 0.05 was considered significant.

Results {#Sec6}
=======

For the 939 patients who were eligible for inclusion in this study, the median follow-up period was 64.7 months (range:4.3--120.7 months), and the mean follow-up period was 67.2 months (SD:23.4 months). The Ki67-LIs were intensively clustered at values ending with 5 or 0 (829, 88.3%). The median value of Ki67-LI was 20% for these 939 cases. Among the 939 patients, 342 cases had Ki67-LI ≤ 10%, 281 had Ki67-LI between 10 and 30%, and 316 had Ki67-LI ≥ 30%. If all 2063 cases with Ki67-LI data were included for analysis regardless of subtype, median value increased to 25%. Ki67-LIs of this cohort also intensively clustered at values ending with 5 or 0 (1886, 91.4%).

Table [1](#Tab1){ref-type="table"} shows the clinicopathological characteristics in each group and indicates significant differences in age distribution, menopausal status, histology, tumor size, node involvement, grade, and PgR status. No significant differences within groups were seen for median age or lymphovascular invasion (LVI) status. The proportion of early-onset BC (age \<35 years) or PgR-negative/low was higher in the Ki67^High^ group than other groups. Tumors \<2 cm or without lymph node involvement were more commonly observed in the Ki67^Low^ group. Almost all tumors in the Ki67^Low^ group were grade I/II, whereas more than half the cases in the Ki67^High^ group were grade III. Nevertheless, the clinical features of the Ki67^Medium^ group were not remarkable, and for many cases, it was hard to differentiate them from the Ki67^Low^ or Ki67^High^ groups. The largest proportion of patients who received chemotherapy were from the Ki67^High^ group, and the largest proportion of patients who received radiotherapy were from the Ki67^Low^ group. The groups did not significantly differ by surgery type.Table 1Clinicopathologic Characteristics of three groups according to Ki67-LI levelCharacteristicKi67 ≤ 10%\
*n* = 34210% \< Ki67 \< 30%\
*n* = 281Ki67 ≥ 30%\
*n* = 316Total\
*N* = 939*P* valueAssociated events-no.(%)10(2.9)20(7.1)49(15.5)79(8.4)Age Median(IQT)-yr49(23--86)48(24--91)47(22--84)48(22--91)0.166 Distribution-no.(%)0.013 \< 3519(5.6)15(5.3)31(9.8)65(6.9) 35--50160(46.8)148(52.7)163(51.6)471(50.2) 51--65122(35.7)93(33.1)102(32.3)317(33.8) \> 6541(12.0)25(8.9)20(6.3)86(9.2)Menopausal status-no.(%)0.011 Pre171(50.0)122(43.4)176(55.7)469(49.9) Post/Peri171(50.0)159(56.6)140(44.3)470(50.0)Histology-no.(%)\<0.001 IDC273(79.8)236(84.0)297(94.0)806(85.8) ILC10(2.9)10(3.6)6(1.9)26(2.8) Mucinous25(7.3)13(4.6)4(1.3)42(4.5) Other invasive histology34(9.9)22(7.8)9(2.8)65(6.9)pT-no./total no.(%)\<0.001 1239/336(71.1)181/276(65.6)159/307(51.8)579/919(63.0) 291/336(27.1)86/276(31.2)139/307(45.3)316/919(34.4) 36/336(1.8)9/276(3.3)9/307(2.9)24/919(2.6)Node-no.(%)0.022 N0249(72.8)180(64.1)202(63.9)631(67.2) N193(27.2)101(35.9)114(36.1)308(32.8)LVI-no.(%)0.074 Positive49(14.3)59(21.0)61(19.3)169(18.0) Negative293(85.7)222(79.0)255(80.7)770(82.0)Grade-no./total no.(%)\<0.001 I/II269/289(93.1)189/241(78.4)137/282(48.6)595/812(73.3) III20/289(6.9)52/241(21.6)145/282(51.4)217/812(26.7)PgR-no.(%)\<0.001 \< 20%58(17.0)55(19.6)119(37.7)232(24.7) ≥ 20%284(83.0)226(80.4)197(62.3)707(75.3)Surgery-no.(%)0.479 BCS202(59.1)178(63.3)187(59.2)567(60.4) Mastectomy140(40.9)103(36.7)129(40.8)372(39.6)Chemotherapy-no.(%)\<0.001 Yes252(73.7)234(83.3)290(91.8)776(82.6) No90(26.3)47(16.7)26(8.2)163(17.4)Radiotherapy-no.(%)0.033 Yes237(69.3)217(77.2)243(76.9)697(74.2) No105(30.7)64(22.8)73(23.1)242(25.8)*IQT* interquartile range, *IDC* invasive ductal carcinoma, *ILC* invasive lobular carcinoma, *LVI* lymphovascular invasion, *PgR* progesterone receptor, *BCS* breast-conserving surgery

A total of 79 (8.4%) patients had BC-associated disease (Ki67^Low^: 10; Ki67^Medium^: 20; Ki67^High^: 49), including 12 local recurrences, seven regional nodal recurrences, three contralateral new BCs, 54 distant metastases, and three deaths from BC. The estimated 5-year DFS rate for the Ki67^Medium^ group (93%) was significantly less than for the Ki67^Low^ group (97%; log-rank *P* = 0.003), but significantly better than for the Ki67^High^ group (85%, log-rank *P* = 0.014; Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Disease-free survival according to Ki67-LI level group by Kaplan-Meier analysis

Our univariate analysis associated age younger than 35 years, tumor \>2 cm, lymph node involvement, positive LVI status, grade III disease, higher Ki67-LI group, and surgical approach (mastectomy vs. BCS) with worse prognoses (Table [2](#Tab2){ref-type="table"}). In multivariate analysis, the Ki67-LI groups were a significant independent predictor for DFS after adjusting for clinicopathological parameters and treatments (Table [2](#Tab2){ref-type="table"}).Table 2Results of disease-free survival analysis by Cox proportional hazards model for the ER+/HER2− tumors, *n* = 939UnivariateMultivariateHR95%CI*P* valueHR95%CI*P* valueAge (years) 35--50 vs \< 350.3860.1960.7630.0060.3420.1700.6870.003 51--65 vs \< 350.4770.2380.9590.0380.4540.2200.9360.032 \> 65 vs \< 350.3780.1401.0210.0550.2740.0800.9380.039pT T2 vs T12.1621.3483.4680.0011.7311.0542.8440.030 T3 vs T14.6541.94811.1180.0013.2191.2888.0450.012N N1 vs N01.8261.1732.8440.0081.7971.0073.2070.047LVI positive vs negative1.8311.0993.0480.0201.3320.7762.2840.298Grade III vs I/II2.8901.8084.619\<0.0011.7851.0593.0100.030Ki67(%) 10--30 vs ≤102.8591.3366.1160.0072.8351.3126.1260.008 ≥ 30 vs ≤105.3942.73210.651\<0.0014.2392.0578.735\<0.001PgR(%) \< 20 vs ≥201.2730.7782.0830.3360.7990.4721.3550.405Surgery Mastectomy vs BCS1.6581.0652.5810.0250.9410.4721.8740.862Chemotherapy No vs Yes0.7310.3761.4190.3541.4300.6203.2980.402Radiotherapy No vs Yes1.2910.8032.0740.2922.1570.9504.8940.066

To refine prognostication for the Ki67^Medium^ group, we investigated the value of conventional clinical parameters. Interestingly, these factors, including tumor size \>2 cm, lymph node status (N1 vs. N0), and grade III disease, had significant prognostic value in univariate and multivariate analyses of DFS for the Ki67^Medium^ group (Table [3](#Tab3){ref-type="table"}), but not the Ki67^Low^or Ki67^High^ groups (Additional file [1](#MOESM1){ref-type="media"}: Table S1 and Additional file [2](#MOESM2){ref-type="media"}: Table S2).Table 3Results of disease-free survival analysis by Cox proportional hazards model for the Ki67^Medium^ groupUnivariateMultivariateHR95%CI*P* valueHR95%CI*P* valueAge (years) 35--50 vs \< 350.8650.1106.7970.8910.8720.0987.7230.902 51--65 vs \< 350.9380.1157.6750.9521.2180.13011.4540.863 \> 65 vs \< 350.9940.09011.0480.9960.6050.02813.0070.748pT T2 vs T12.7781.0687.2290.0362.7811.0047.7010.049 T3 vs T19.9610.03637.6420.0016.4211.22633.6290.028N N1 vs N03.0871.2557.5890.0144.5721.50013.9330.008LVI positive vs negative2.4760.9796.2630.0481.4340.5173.9770.488Grade III vs I/II4.4371.82810.7700.0014.4681.65012.1040.003PgR(%) \< 20 vs ≥200.7140.2092.4370.5910.6020.1592.2740.454Surgery Mastectomy vs BCS2.4551.0016.0200.0500.4520.1081.8900.277Chemotherapy No vs Yes0.5560.1292.3960.4311.0480.1169.4520.967Radiotherapy No vs Yes2.0420.8305.0210.1208.7861.77943.3880.008

Discussion {#Sec7}
==========

In this study, we investigated clinicopathologic characteristics and prognoses of the three risk levels among patients with ER^+^/HER2^−^ BCs, according to the most recent consensus from the 2015 St Gallen Conference, which focuses on local laboratory Ki67-LIs. To our knowledge, such an evaluation based on the 2015 St Gallen Breast Cancer Conference consensus has never been published before.

Ki67 is a nuclear protein expressed in all active phases of the cell cycle except resting phase G~0~ \[[@CR11]\]. Therefore, it can be used as an alternative marker of proliferation by IHC assessment in many malignancies, including BC. Ki67 has been extensively evaluated in both research and clinical settings \[[@CR12]\], and clearly offers robust prognostic and predictive information \[[@CR13], [@CR14]\]. The St Gallen International BC Conferences have recommended using Ki67-LI to tailor treatment in ER^+^/HER2^−^ BCs from 2009 to 2015 \[[@CR7]--[@CR9], [@CR15]\]. However, our understanding of Ki67 has expanded, including its clinical value and optimal cut-off point. The 2009 St Gallen consensus suggested Ki67-LI as a proliferation marker in choosing appropriate systemic treatment, categorizing it by three levels: low (≤15%), intermediate (16--30%), or high (\>30%) \[[@CR15]\]. After comparing Ki67-LI with PAM50 intrinsic subtyping, Cheang et al. suggested a cut-off point of 14% to distinguish luminal B from luminal A subtype in ER^+^/HER2^−^ BCs \[[@CR16]\]. The 2011 St Gallen Conference then endorsed a 14% cut-off point between luminal A and B tumors \[[@CR7]\]. Subtyping can be used to shape decisions about the use of cytotoxic chemotherapy for luminal BCs \[[@CR7], [@CR8]\]. Luminal A disease generally requires only endocrine therapy, whereas chemotherapy is usually indicated for luminal B diseases. In 2013, the cut-off point was increased to 20% by the St Gallen panel \[[@CR8]\]. Meta-analysis also showed diverse cut-off points of Ki67-LI ranging from 3.5 to 34% with various definitions \[[@CR13]\]. A recent meta-analysis of more than 60,000 patients confirmed the prognostic value of Ki67-LI, and found 25% to be an optimal cut-off point \[[@CR17]\].

At the most recent St Gallen Conference, in 2015, the panel recognized the controversy of using Ki67-LI by IHC assessment for clinical decisions \[[@CR9]\]. The previous efforts of finding a universal optimal cut-off point of Ki67 might have been in vain, as Ki67 presents as a continuum. Clinicians should therefore be cautious when using a single cut-off point to dichotomize Ki67 scores \[[@CR6], [@CR18]\]. Particularly, reproducibility across laboratories has proven to be unacceptably poor, which is the major obstacle for its clinical use \[[@CR19]\]. Because of this, the American Society of Clinical Oncology (ASCO) and NCCN do not currently recommend Ki67 as a routine required marker in clinical practice (\[[@CR20]\], <https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf>). With the goal of harmonizing methodology, the International Ki67 in Breast Cancer Working Group proposed guidelines for Ki67 assessment \[[@CR12]\]. However, the effect on actual practice is less than optimal \[[@CR21], [@CR22]\]. Studies \[[@CR21]\] and new image analyses \[[@CR23]\] that aim to increase concordance in Ki67 scoring are still under development.

The 2015 St Gallen consensus panel recommended interpreting Ki67-LI with local laboratory values \[[@CR9]\], which was also suggested by the European Society for Medical Oncology (ESMO) clinical practice guidelines \[[@CR24]\]. In our study, median Ki67-LI was 25% for all tumors and 20% for the ER^+^/HER2^−^ subset. The two values reported by Cserni study were 17 and 14%, respectively \[[@CR22]\]. Although the numerical gaps between these two centers were only 8 and 6% for two different patient sets, the numerous patients within this range should not be ignored. Of the 939 ER^+^/HER2^−^ cases in our study, 214 (22.8%) had Ki67-LIs between 14 and 20%. Our Ki67-LI values also intensively clustered at those ending with 5 or 0 (91.4% for all tumors and 88.3% for ER^+^/HER2^−^ subset), as did those in the Cserni study \[[@CR22]\]. This finding reflects a common practice of pathologists. In our 939 cases of ER^+^/HER2^−^ tumors, *none* of the Ki67-LIs were valued at 14%, and only four cases at 12% or 13%, but 103 patients---11%---had Ki67-LIs of 15%. In light of this pattern, the widely used 14% cut-off point recommended by the 2011 St Gallen Conference seems unreasonable.

When ER^+^/HER2^−^ cases were stratified into three levels by median Ki67-LI value 20%, the Ki67^High^ group (≥30%) had less-favorable clinicopathologic characteristics, including the highest percentages of patients younger than 35 years, large tumors, high histology grades, and low or negative PgR. The Ki67^Low^ group (≤10%) had some favorable features, and features of the Ki67^Medium^ group (10--30%) were between the other two groups. These findings confirmed the validity of these Ki67 groupings from a clinicopathologic perspective. The three groups differed significantly in DFS (*P* \< 0.001), with the Ki67^Low^ group having the longest DFS and the Ki67^High^ group the shortest.

To refine prognostication within the Ki67^Medium^ group, we examined other conventional diagnostic factors. We found that tumors larger than 2 cm, lymph node involvement, and grade III disease were all associated with poorer prognoses in the Ki67^Medium^ group after adjusting for treatments; however, these parameters had no prognostic significance in Ki67^High^ and Ki67^Low^ groups. It is difficult to standardize scores for patients with Ki67^Medium^ LIs, as they suffer from the highest variability \[[@CR25], [@CR26]\]. Accordingly, when making clinical decisions about the inclusion of cytotoxic chemotherapy for ER^+^/HER2^−^ BCs with intermediate Ki67-LI, other conventional parameters may provide more valuable information rather than Ki67-LI, or, alternatively, multigene assays \[[@CR26]\]. However, multigene assays are not readily available worldwide owing to high cost and technical requirements. The prognosis significance of chemotherapy was not shown in analyses for the Ki67^Medium^ group. This result may be due to the low percentage of patients without chemotherapy. Further researches are needed to study the prognosis significance of treatments for the Ki67^Medium^ group.

PgR status was adopted to define luminal B breast tumors by the 2013 St Gallen consensus, using the cut-off point of 20% proposed by Prat et al. \[[@CR27]\]. However, this cut-off for PgR had no prognostic significance for DFS in our ER^+^/HER2^−^ cohort. Maisonneuve et al. \[[@CR28]\]. also found that PgR \< 20% was not associated with poorer outcomes for all tumors, but only for patients with Ki67-LI of 14--20% in their study cohort. ESMO emphasized the importance of laboratory quality assurance in recommending the cut-off of 20%. The cut-off point of PgR still needs more study, just as Ki67-LI does.

This study has some limitations. First, this was a single-institution retrospective study, and its results might not be directly applicable to other institutions. Before putting these results into clinical practice, other institution should verify them with their own laboratory data. In addition, the follow-up period of this cohort was relatively short considering that in the ER^+^/HER2^−^ subset, most cases of recurrence---let alone death---occur at least 5 years later \[[@CR29], [@CR30]\]. For this reason, we did not analyze overall survival in this study.

Conclusions {#Sec8}
===========

We have evaluated distribution of Ki67-LI at an Asian institution and confirmed its validity as a risk factor among ER^+^/HER2^−^ BCs according to the 2015 St Gallen consensus. For patients with clearly very low or very high Ki67-LIs in early-stage BCs, the importance of Ki67 in clinical decisions is rather straightforward. However, for patients whose Ki67-LIs are in a medium range, diagnostic parameters including tumor size, lymph node involvement, and grade might provide significant clues.
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